Introduction
systemic markers of haemostasis was found using a heparinbound ePTFE graft in vivo [10] .
Due to the low success rates with synthetic materials in smallcalibre vascular grafts, attempts have also been made at using biological grafts such as decellularized porcine carotid arteries for vascular prostheses since these acellular tissues could retain natural mechanical properties and promote remodelling of the prosthesis by neovascularization and recellularization by the host [11] . We and other groups have recently demonstrated a novel smallcalibre vascular xenograft with excellent mechanical properties, anti-thrombogenicity and tissue compatibility, which could be achieved by decellularization and heparinization [11] [12] [13] 
Methods

Chemicals and reagents
All solutions were made with deionized water unless otherwise noted.
Tris-HCl was obtained from Invitrogen Co (Carlsbad, CA, USA). Phosphate buffered saline (PBS) solution, hydroxylamine sulphate salt, 1-ethy-3(3-dimethylaminoporpyl) carbodiimide (EDC), heparin sodium salt and toluidine blue were obtained from Sigma Chemical Co. (St. Louis, MO, USA).
Decellularization of porcine carotid artery
Porcine common carotid arteries were harvested from a local slaughterhouse. Animals ranged in weight from 160 kg to 220 kg and in age from 1 to 2 years. Animals were killed by exsanguination through a puncture wound in the neck. Within about 15 min. after death, common carotid arteries were dissected from a ventral midline neck incision using careful sharp dissection technique and harvested in 15-20 cm long. Vessels were immediately rinsed in ice cold PBS to remove any residual blood clot and then stored in 50-ml centrifuge tubes in PBS on ice until returned to the laboratory. Vessels were stored frozen in PBS at -80ЊC until further processing. Vessels were decellularized using a complex process developed in our laboratory involving hypotonic breakdown, multiple enzymatic digestions and detergent treatments, and mechanical means [11] . Characterizations of the decellularized porcine carotid arteries were described in our previous publication [11] . Briefly, both histochemistry and transmission electron microscopy analyses confirmed that the cellular components such as cell membranes and nucleus were successfully removed from the arteries, whereas extracellular matrix scaffold remained intact. (Fig. 1A) . Following heparin immobilization, vessels were rinsed in distilled water and stored in 70% alcohol at 4ЊC.
Covalent linkage of heparin
Determination of heparin content
A colorimetric assay of the toluidine blue staining was used to determine the amount of heparin in a sample [14] . This 
Clotting time of heparin-linked porcine arteries in dog blood
A functional clotting time assay was performed to verify the functionality of the bound heparin in vessels. All control vessels formed clots within 10 min. after mixed with fresh dog blood (Fig. 3) , which was comparable to the clotting time (13 min.) in fresh human blood [11] . However, heparin-linked vessels did not form any clots after 60 min. mixing with dog blood (Fig. 3) , which was consistent with the results of human blood [11] . Thus, bound heparin possesses strong anti-coagulation function. Platelet deposition was measured by scintillation camera imaging analysis (Fig. 4A) . The heparin-coated vessels showed a significant less platelet deposition compared with control vessels (Fig. 4B) . At 60 min., heparin linkage substantially inhibited platelet deposition by 54% compared with controls in baboon blood (n ϭ 4, P Ͻ 0.05, Fig. 4B ).
Platelet deposition to heparin-linked porcine arteries in the baboon external shunt model
Discussion
The [18] . In the current study, we tested the hypothesis that the covalent linkage of the decellularized porcine arteries with heparin would provide a non-thrombogenic surface for the graft, which would reduce platelet deposition in the xenograft because thrombosis and graft patency were still major problems in vascular graft applications [6, 7, [19] [20] [21] growth factor, which may accelerate healing and modulate remodelling process of the graft [22] [23] [24] . We previously demonstrated that the beneficial effect of local infusion of heparin in aortoiliac bypass grafting significantly reduced anastomotic neointimal hyperplasia in an animal model [25] . Similarly, we have reported the reduction of neointimal hyperplasia following heparin-coated stent placement in baboon iliac and carotid arteries compared with non-coated control stents [26, 27] 
Heparin is a potent anti-coagulant that inhibits thrombin and activated factors IX, X, XI and XII, which are involved in the conversion of prothrombin to thrombin, thereby reducing thrombin formation. Our previous study has shown that heparin-coated ePTFE grafts result in reduced platelet deposition compared with non-coated control grafts in a canine femoral artery bypass model
